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Participants and Expertise

LANL P-25 (Physics), AOT (EE) Groups

Expertise gained from $5M PHENIX FVTX project + others:
Si pixel sensors and custom ASIC readout
Analog / digital electronics design and layout
High speed differential and fiber optic data transmission
Use of modern FPGAs from Xilinx, Actel

FPGA programming with Verilog and VHDL

Custom high density interconnects (FPC)
Event building and formatting

Have joined ALICE collaboration as associate member

With expert help from BNL, LBNL, MIT, UNM, UT Austin
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ALPIDE Monolithic Pixel Technology

CMOS Pixel Sensor using TowerJazz 0.18um CMOS Imaging Process

NWELL NMOS PMOS deep p-well allows for circuitry
DIODE TRANSISTOR TRANSISTOR

Tower Jazz 0.18 um CMOS

. J « featuresize 180 nm
* metallayers 6
50um
thick * gate oxide 3nm
substrate: N, ~10'8

epitaxial layer: N, ~ 10"
deep p-well: N, ~10%

High-resistivity (> 1kC2 cm) p-type epitaxial layer (18um to 30um) on p-type substrate

Small n-well diode (2 um diameter), ~100 times smaller than pixel => low capacitance

» Application of (moderate) reverse bias voltage to substrate (contact from the top) can be
used to increase depletion zone around NWELL collection diode

» Deep PWELL shields NWELL of PMOS transistors to allow for full CMOS circuitry within
active area

12/5/2016 LDRD DR Feasibility Review



| Inputstage VPULSE * | ' Pxelanalog : Multi event
: : | Front end - buffer
c
| Reset | “—q60aF ! i E
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: Collection | : |
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Vier Ve
t ~1-2 us Peaking time 4
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Threshold L
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. ultra low-power front-end circuit
Front-end acts as delay line 40nW / pixel

* Sensor and front-end continuously active

* Upon particle hit front-end forms a pulse with ~1-2us peaking time

* Threshold is applied to form binary pulse

* Hitis latched into a (3-bit) memory if strobe is applied during binary pulse
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MAPS chip
Single Chip High Speed Readout
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Have one MAPS chip and slow readout working at LANL,
more on the way



MAPS Readout Description

Passive electrical (copper) links, — § One wav. bassive obtical
up to 1.2 Gb/s (data and control 5B way, p P 24
@ 40 Mb/s) o splitting, no busy back X
Staves
i . GBT
e I - optical
1 3
| -
I o~
: O
Detector Half Barrel ) — (9'6 Gb/S max) “
3 Half Layers » | .'.é
b | ' >
5 meter cable ‘g’
=
Identical Readout Units Q
(RU) cover the full ITS -
| GBT e
[ - .
I : ' optical g
Each Readout Unit is | o ﬁ O
connected to one stave : |
| : : " Data (9.6 Gb/s max)
Data (960 Mb/s max) : '
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MAPS Electronics

Plan A:

| ALICE readout path reprogram
A|p|de RAGLELLELL ",
PIXEL chips FLEX power 5m readput ) . Common .
stave QL A unit | datalink 2 peadout Unit E

9(8) x e-Iink A ] '
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Plan B: sPHENIX readout path (held only as contingency)

Schematic representation of the readout path

Stave

data link

stave # f £ -
" 9(8) x e- Ilnk * ' . : S - y
E ‘ PWR cables o - » Ky .
Schematic representation of the readout path E EvB -
o _ ,’ ’ SAMTEC twinax Fureﬂyj* 3 ——=

existing ALICE design

Larger effort, requires new

| trlgger in busy out
hardware and FPGA code! modified design, existing
starting with ALICE boards sPHENIX design
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Stave Readout

9 fuIIy independent Alpide chips per Stave  control (including triggen)

Clock

CHIPID  000_0000 000_0001 000_0010  000_0011 000_0100 000_0101 000_0110 000_ 0111 000_ 1000

Continuous readout »>

Stave 12 pairs Twinax copper assembly Readout Unit
/
Inner layers (0, 1, 2) staves:

VVVV

9 copper pairs, 1.2 Gb/s each, !
. 1 clock, 1 control i

---------------------------------

Medium Risk - Staves available in Summer, 2017
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stave

ALICE Readout Unit Logic

PIXEL chips FLEX

Schematic representation of the readout path ’ &
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Figure 9 —Readout Electronics main functions.
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ALICE Readout Units

3 Readout Unit
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Readout Unit Prototype Version Oa (“RUv0a”)

General Purpose

SamTec Firefly
SFP (GBT_FPGA)

Connectors

External

: Reference Clocks
FMC Connector —___ ||

il

oU
VME card

EEIN

Kintex-7 FPGA

Power Board ' &=
Connections

PowerBoard
SCA Connector Board Power

USB Interface

Low risk, currently being tested by ALICE
Expect version ‘0’ readout unit at LANL in spring, 2017



CERN Versatile Link — Bidirectional Fiberoptic

-

> *-—e
Versatile Link
* o | D FPGA ]
Timing and Trigger q /—> Timing and Trigger
<<Fe) O e
DAQ GBT13 _— > <] [ —> A0
- < :
Slow Control A & \' Slow Control

Readout unit S

On-Detector Off-Detector

Custom Electronics & Packaging Commercial Off-The-Shelf (COTY)
Radiation Hard Custom Protocol

Common readout unit
In counting house

Long fiber run from Hall to Rack Room
over custom CERN optical link
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Fiber optic transceiver daughterboard for
readout unit

GBT FMC Mezzanine (“GBTxFMC”)

SCA
VTRX S sz ¢
".‘-% 4 e — ; ié : ;
°hj L | ¢ o W awing- - o
""" ,"Jf."-l : 4%’?2'?.1"3'“311“?
Eé GBTx
SR § FMC HPC
Connector for 2nd i g 5 connector

VTRx/VTTx

£ X7

Utrecht umivers:ity

Low risk, tested and operational
order for LANL in process



ALICE Common Readout Units

PCI express card
Avago optlcal englnes

—[EJE[IJ[EJS[ZE

Mixmrons

\RRl 10
FPGA

78
" ek ksl

TICFIL E - SFP " 12V 10 0. 95V

Switeh

(a) PCie40. (b) PCIe40 Schematic.

Will be used by several ALICE and sPHENIX subsytems

Each CRU reads out two Readout units, sends slow
controls, trigger back

CRU cards reside in CPU chassis

Medium risk, CRU still in development at LHCb experiment

Expected at LANL in summer, 2017



Data Stream Reformatting

Traditional sPHENIX MAPS
sPHENIX Frame Common Readout Frame

DCM Index
FEM Data
DCM Index
FEM Data
DCM Index
FEM Data
DCM Index
FEM Data

Reformat options:
FPGA or CPU...

DCM Index
FEM Data
DCM Index
FEM Data
DCM Index
FEM Data

J9pEBaH dwe.y

-
I
)
3
o
I
o
0
a
)
o

J3pedH | 4opedH | uopeal | JopeoH | JapeoH
IR || 1P | 1djded | IMPRd | IM)dRd

JapeaH | JopesH

Ddeq || Idpdey | I1Ed

DCM Index
FEM Data

o) |[ aspreay | aopeay | aspreay || aspreay | sopeay | aspeap | aspreap

J9pEsH
!

(a) PCie40.
ALICE Format Data j \Transport Headers

and Trailers

Medium risk — mainly an FPGA programming effort,
plus integration of clock, trigger, busy
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Commercial Altera Development board for Common
Readout Unit Prototyping and Programming

Figure 1-2: Overview of the Development Board Features

FMCA (J1) FMCB (J2) LTPowerPlay interface
Arria 10 Connector (J24)
FPGA (U28) Clock In/Out o Power Switch
SMA (J6,J7) User Dipswitch (SW1)

(SW2)

On-Board i ara _ e ey C B e Cp O e ©) -

USB-Blaster 11 (J PCle ATX

4_ Connector

(J4)

DisplayPort
Connector (J

MAXV CPLD (U16 —i
Ghps Ethernet = 5 = R o E: 2ig & "’?*:'; s il
Port (J9) B * e e

............

SDI Video Port JTAG Header T
| FanPower  PCle Dipswitch (20,121) (“7) Character LCD
; SW3
Header (J19) (SW3) Transceiver TX (B2)
J15,116
PCl Express ( )
Edge f;;mector HiLo Connector
(22) (14)

Risk reduction — Allows FPGA code development with
same FPGA, fiber optic and PCI-x readout. Ordered



Alice Test Bench
9-Chip Module High Speed Readout

Test Bench: MOSAIC Card ! = y R — —

_______________________




Au+Au Relative Bandwidth

PIXEL chips FLEX  power 5 m readout . Common
stave regulator A :nnt - e !_mk Readout Unit
v ‘ '@ 9(8)xe jink L'-'-'_, o EE—
= PWR cables Q trigger link” ——

Schematic representation of the readout path
, SAMTEC twinax “Firefly”

ALICE ITS IB is physical signal dominated

Event multiplicity reduction: RHIC / LHC = 7000/20000 = 0.35
Collision rate increase: RHIC / LHC = 200 kHz / 150 kHz = 1.33

Continuous Stave-to-ROU link is ~50% bandwidth of ALICE ITS IB
Trigger rate reduction: RHIC / LHC = 15 kHz / 50 kHz = 0.30

Triggered ROU-to-CRU link is only ~15% bandwidth of ALICE ITS IB

Risk reduction — Easily manageable data rates
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Schedule
I N 7 NN

MoU
Prototype Tracker o project
t iti
2 Test Stands ransien
Design prototype
Procurements A ;°:Sttfugted
final este validated
Assembly prototype —>—,, tracker
Beam Test design Performance  NIM paper
Analysis ; submitted
. first electroni —
Full System Integration 15 SPHENIX readout deSiEn tast, RO & CRU | oqoctronice Do
ReadOUt De5|gn _u> design and test, Il & IlI mechanical -
P desi ina
EFPGA/P.rOtOtyp.mg i mechanical
Mechanical Design support
cosmic full
Procurements system
Assembly & Test verification
- Integration
Full ?Ystefn Test seconc‘lary electronics
Bottom Jet Identification vertexing secondary  constructed
. in p+p vertexing & tested
p+p algorithms in Au+Au
Au+Au a |g0 rlth ms physics simulations & sensitivity study
MIE Proposal Development
pre-proposal, build MAPS collaboration full-proposal, reviews Review, DOE approval
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Summary

Use all of existing MAPS readout infrastructure!

Reprogram Common Readout Unit for sPHENIX
Add sPHENIX trigger and clock
Add sPHENIX data formatting
mmp New FPGA coding

Have formed a large team of experts
Are now associate members of ALICE
Have access to ALICE hardware and collaborators

Low to medium risk with many paths to risk reduction



